BACKGROUND
Atrial fibrillation (AF) is the most common arrhythmia in the clinical setting and an independent risk factor for stroke. In AF, the normal regular electrical impulses generated by the sinoatrial (SA) node are overwhelmed by disorganized electrical impulses usually originating in the roots of the pulmonary veins, leading to irregular conduction of impulses to the ventricles which generate the heartbeat (1, 2) . From the epidemiological perspective, AF represents the most serious problem. In a retrospective study on a heterogeneous racial mix of US medicare beneficiaries, an incidence between 27 and 28.3 per 1,000 person years has been consistently reported with little change over the past two decades (3) .
In a vast majority of patients AF may be caused due to underlying cardiac or non-cardiac conditions; however, a subset of patients with AF on evaluation does not reveal any abnormalities. These patients are considered to suffer from 'lone' AF, i.e., AF without an underlying (cardiovascular) disorder. The risk factors for AF are multi-factorial and include male gender, advancing age, hypertension, diabetes, obesity, coronary artery disease (CAD), renal failure, chronic obstructive pulmonary disease, congestive heart failure, and valvular heart disease (4).
Genetic variants have also been associated and the first genome-wide association study (GWAS) identified association between genetic variants on 4q25 locus and AF. In particular, two single-nucleotide polymorphisms (SNPs), rs2200733 and rs10033464, have been pointed out as markers most strongly associated with the disease (5) . The closest gene is PITX2, which encodes a protein that is critical in the development of the heart for determining left-right asymmetry, SA node formation, and the differentiation of the left atrium.
The association between AF and rs2200733/ rs10033464 has been observed in Icelandic, Swedish, USA, and Chinese populations, as well as the population of the Framingham Heart Study (FHS) and several other Western European populations (5) (6) (7) (8) (9) (10) (11) . In addition, these polymorphisms are also associated with postoperative AF (PoAF), postoperative strokes, long-term development of AF, long-term stroke incidence, and long-term survival after coronary artery bypass grafting (CABG) (6) (7) (8) (9) (10) . These variants could stratify postoperative, long-term AF risk in these patients, and potentially affect the choice of preoperative therapy used to decrease the risk of PoAF.
However, many independent replication studies are essential to unequivocally validate this association in other populations worldwide. Till date no information is available from India and this study aims to address this lacunae.
MATERIALS AND METHODS

Subject Groups
The study cohort comprised of 267 individuals of indo-aryan ethnicity, which included 170 patients with CAD, 41 patients with AF, and 56 individuals who were deemed normal.
The AF status of each individual was confirmed by Resting/stress Electrocardiogram testing and/or Treadmill Test. Individuals with history of Rheumatic Heart Disease, or show heart valve stenoses like mitral valve stenosis, or have undergone valvular surgery were excluded. EDTA-Blood specimens were obtained from each individual. An informed consent and detailed case record form pertaining to information on demographics, medical history, and risk factors such as diabetes mellitus, hypertension, events of cardiac stroke, myocardial infarctions, lipid profiles, family history, etc., was obtained from each of the participants through perusal of their medical records.
DNA Extraction
Genomic DNA was extracted from the collected EDTA whole blood samples using QIAamp (R) DNA extraction kit following the manufacturer's protocol (Qiagen, Hilden, Germany).
Genotyping
Genotyping was performed for the rs10033464 and rs2200733 by direct sequencing of the products obtained after amplification using the primers described below. The PCR cycling conditions were as follows: initial denaturation at 95°C for 5 min; 35 cycles of dentauration at 95°C for 30 sec, annealing at 60°C for 30 sec, and extension at 72°C for 30 sec; and final extension at 72°C for 10 min. Sequencing was done bidirectional on the Automated ABI prism 3100 Avant Genetic Analyzer (Applied Biosystems Inc., Foster city, CA) using ABI prism BigDye terminator kit (version 3.1).
Statistical Analysis
Allele frequency was calculated as the number of occurrences of the test allele in the population divided by the total number of alleles. Any deviation in the genotype frequencies from the Hardy-Weinberg equilibrium was assessed by Fischer's exact test. Chisquare tests were used for comparison of binary variables across groups. Routine statistical analysis was carried out with the SPSS v 15 software (SPSS Inc., Chicago, IL). SNPStat online software tool (12) was applied to determine the association of genotypes with the AF. The association between AF and each SNP was tested using logistic regression with a genotypic genetic model. Table 1 displays means and standard deviations for the study subjects for relevant biochemical characteristics as well as risk factors. Statistically significant differences were seen in the presence of stroke/myocardial infarction in family across all the three groups and diabetes mellitus among AF patients as compared to CAD and controls group (P < 0.05).
RESULTS
General Characteristics of Cases and Control Groups
Genotypic and allelic frequencies are shown in Table 2 , both the rs10033464 and rs2200733 were found to be in Hardy-Weinberg equilibrium using Fischer's Exact test.
Further to determine the association of the rs10033464 variant with AF we used the logistic regression analysis with different genetic models. The univariate model showed strong association of rs10033464 'T' allele with AF risk when compared between AF and control groups (OR, 2.59; 95% CI, 1.08-6.21; P = 0.031), and between post-CABG-AF and control with the dominant model (OR, 4.73; 95% CI, 1.50-14.89, P = 0.0071). No association of rs10033464 was seen when AF patients were compared with CAD group (OR, 1.50; 95% CI, 0.75-03.00; P = 0.26). Comparison of post-CABG AF patients and CAD group indicated borderline significance with the dominant model (OR, 2.73; 95%CI, 0.9-7.56, P = 0.05) ( Table 3) .
In contrast, the rs2200733 C>T variant did not show an association with AF, or post-CABG AF (Table 4) when compared to CAD, but an association with lone AF with the 'T' allele being associated with increased risk (OR, 2.80; 95% CI, 1.08-7.24; P, 0.042) ( Table 4) .
DISCUSSION
In this study we demonstrated that the 4q25 risk allele rs10033464 (T) allele is significantly associated with increased risk of AF, more precisely with post-CABG AF, whereas the rs2200733 (T) with lone AF, in our cohort of indo-aryan ethnicity.
The rs2200733 and rs10033464 were first identified as AF risk conferring variants in a GWAS in the Icelandic population (5) . Moreover, the haplotype identified by rs2200733 was found to confer a relatively higher risk (OR 1.72), whereas the haplotype identified by rs10033464 conferred a more modest risk (OR OR, odds ratio; 95% CI, 95% Confidence Interval; AIC, Akaike Information Content; AF, Atrial fibrillation; CABG, coronary artery bypass grafting; CAD, Coronary Artery Disease. *Statistically significant at P < 0.05.
1.39). The study also replicated the findings in the North Europeans as well as Chinese population in Hong Kong. Another large-scale replication (11) on four cohorts of European descent the FHS, the Rotterdam Study (RS), Vanderbilt AF registry, and the German AF cohort echoed the initial GWAS findings wherein the rs2200733 was associated with AF in all the four cohorts with an OR ranging from 1.37 to 2.52. There was a significant association between AF and rs10033464 in Framingham (OR 1.34; 95% CI 1.03-1.75; P = 0.031) and the German AF Network (OR 1.30; 95% CI 1.13-1.51; P = 0.0002), but not Vanderbilt AF registry (OR 1.16; 95% CI 0.86-1.56; P = 0.33) or the RS (OR, 1.17; CI 0.99-1.38; P = 0.07).
In this study the rs10033464 conferred a higher risk (OR, 2.59; AF vs. Controls: OR, 2.73; AF vs. CAD) than that of the GWAS study or the replication study in European cohorts; moreover, the risk was significantly higher for post-CABG AF (OR, 4.73; post-CABG AF vs. Controls: OR, 2.73; post-CABG AF vs. CAD), whereas the rs2200733 only conferred a higher risk for lone AF (OR, 2.80 lone AF vs. CAD).
Our study is also in concordance with the findings of Kiliszek et al. (6) who found that rs10033464 was associated with increased risk of AF (OR 1.69, 95% CI 1.23-2.33, P = 0.00125), the strongest association was seen with the rs2200733 in the same study, which also favored increased number of episodes of AF/ month. In the same study SNPs at 16q22 and 1q21 locus also had a significantly higher frequency in patients qualified for catheter ablation of AF than the control group.
Interestingly findings by Virani and colleagues (13) indicated rs10033464 to be significantly associated with PoAF after CABG (OR1.47, 95% CI 1.05-2.06, respectively) in the fully adjusted model. The use of beta blockers (BB) appeared to increase the risk of PoAF in the carriers of the minor allele for rs10033464: OR 1.89, 95% CI 1.22-2.93 for those receiving preoperative BB and OR 1.04, 95% CI 0.65-1.65 for those not receiving BB. Cox regression analyses revealed rs10033464 was also associated with an increased risk of long-term AF development (HR-1.28, 95% CI 1.00-1.66, respectively). Our study is in complete agreement with the above findings, wherein the rs10033464 showed significant association with post-CABG AF.
In variance with the findings by Body et al. (10) which indicated the rs2200733 to predict for postoperative AF, in our study the rs2200733 did not associate with postoperative AF, but lone AF. Again rs10033464 which was significantly associated with post-CABG AF in our study, however, did not associate with postoperative AF either in the discovery (OR 1.21, P = 0.28) or in the validation cohort (OR 1.41, P = 0.16) of the study by Body et al.
Our study is also at variance with the observations by Delaney et al. (14) in the African-American (AA) population. In this study of the six previously reported SNPs associated with AF, only three were found to be associated with AA albeit with a reduced effect. The rs10033464 was not associated with AF in this population, the rs2200733 which was the index SNP in European American population showed less significant association as compared to rs4631108 which emerged as the index SNP. In our study the rs2200733 was significant (OR 2.73; P = 0.05) in individuals with lone AF, but not post-CABG AF. Lubitz et al. (15) also demonstrated the rs2200733 with increased AF risk (OR 1.80, 95% CI 1.50-2.15, P = 1.2 9 10 À20 ) but not the rs10033464 (OR 1.07, 95%CI 0.84-1.35, P = 0.59), whereas our results indicate the opposite.
Comparison of the minor allele frequency for rs10033464 in this study population and that of other population in the Hap-Map database indicates the allelic frequency in our study (0.12) to be closest to Utah residents with Northern and Western European ancestry (CEU-0.10) and of Gujarati Indians in Houston (GIH-0.18) on Hap-Map data, whereas differences in allelic frequencies are seen among populations like Han Chinese in Beijing (HCB-0.24), Yoruba in Ibadan (YRI-0.24), and Japanese in Tokyo, Japan (JPT-0.27).
Similar findings were also seen for the rs2200733 variant, where the allelic frequency in this study (0.13) is closest to CEU population (0.11) and GIH (0.14), but significantly different from JPT (0.47), HCB (0.42), and YRI (0.25).
The differences seen between the above-mentioned studies and this study could be due to possible differences in the linkage disequilibrium (LD) and the haplotype blocks defined by these SNP could vary by ethnicity.
In conclusion, although this study has limitations, primarily in terms of sample size, nevertheless, this is the first study to determine the frequency and association of the 4q25 variants with AF risk in the Indian population. These variants could stratify postoperative, long-term AF risk (PoAF) and also potentially affect the choice of preoperative therapy to decrease the risk of PoAF, and larger studies as well as fine mapping of the 4q25 locus to understand the LD between variants are warranted.
